cedure is key to prevent postoperative complications. The laparoscopic approach is safe and feasible for patients with benign tumors located in body or tail of the pancreas.
Introduction
Insulinomas are the most common functioning neuroendocrine tumors with an incidence of 0.8-0.9 cases per million person-years in China. They occur in all age groups, and a female predominance of 60-70% is evident [1, 2] . The majority of insulinomas are benign, solitary, and are located within the pancreatic parenchyma. Because of the characteristic clinical presentation of hypoglycemia, they usually are diagnosed, when they still are small ( ! 20 mm in size) and resectable [3, 4] . Approximately 10% of the insulinomas are malignant. The 10-year survival rate is estimated at 91 and 29% for benign and malignant insulinomas, respectively. Surgical resection is preferred for insulinomas and achieved cure in more than 90% of the patients [5] [6] [7] . Surgical procedures include tumor enucleation, partial or total pancreatic resection, and pancreatoduodenectomy (Whipple's operation). If malignancy is suspected, metastatic tumor resection and/or lymph node dissection is mandatory [8, 9] . In recent years, laparoscopic resection of pancreatic insulinomas has been performed successfully and provides pa-tients with the benefits of minimally invasive surgery [10] [11] [12] . However, only a few authors have reported the management strategy of insulinoma resection. The goal of this retrospective study was to assess feasibility, safety, and outcome of different surgical approaches and to analyze the surgical strategy of insulinoma management.
Patients and Methods
From May 2000 to October 2006, the data of 52 patients with pancreatic insulinomas were retrospectively collected for the present study. These patients included 19 men and 33 women with a mean age of 47 8 13 (range 16-76) years who underwent surgical treatment at the Second Affiliated Hospital of the Zhejiang University (Hangzhou) and the Ruijin Hospital of the Jiao Tong University (Shanghai). All patients presented with hypoglycemia that developed after fasting or exertion and improved after glucose intake. The diagnosis was confirmed with a 75-gram oral glucose tolerance test and determination of serum insulin, proinsulin, and C peptide levels every 6 h. Preoperative localization was performed, including transabdominal ultrasonography, computed tomography, magnetic resonance imaging, selective arteriography, and endoscopic ultrasonography. Furthermore, intraoperative ultrasonography and intraoperative frozen-section examination were also performed routinely in order to verify their diagnostic yield.
The results are expressed as mean values 8 SD. Independent sample t test and ANOVA were used to compare quantitative variables. Significance was defined as p ! 0.05.
Results

Localization of the Lesion
All patients underwent at least one of the above-mentioned imaging procedures to localize the lesions. The sensitivity was 77% for computed tomography (n = 35), 55% for ultrasonography (n = 31), 64% for selective arteriography (n = 14), 73% for magnetic resonance imaging (n = 11), 88% for endoscopic ultrasonography (n = 16), and 95% for intraoperative utrasonography (n = 19). All tumors were precisely located according to previously mentioned imaging techniques. Sixteen lesions (30%) were localized in the head, two (4%) in the uncinate process, four (8%) in the neck, 17 (32%) in the body, and 14 (26%) in the tail of the pancreas ( fig. 1 a-c) . Mean sizes of the lesions were 15.7, 17.4, 14.2, 16.9, and 15.1 mm in head, uncinate process, neck, body, and tail of the pancreas, respectively. Moreover, a metastatic liver lesion was identified by computed tomography ( fig. 1 d) , and a metastatic porta hepatis lesion was identified by ultrasonography ( fig. 2 ). section was performed in 7 out of 10 selected patients, 6 patients underwent tumor enucleation, and 1 patient underwent spleen-preserving distal pancreatectomy. Three conversions to open surgery were required because of inability to identify the tumor. Excluding the patients who had conversion to laparotomy, there were no discrepancies with regard to operation time and blood loss between open enucleation and laparoscopic surgery. The mean hospital stay was 11.8 8 3.4 days after laparoscopic surgery, shorter than the 17.0 8 6.0 days after the open approach (p = 0.01). Pancreatoduodenectomy needed longer operating times and hospital stays and caused greater blood loss as compared with the other surgical procedures.
Surgical Management
Four patients with malignant insulinomas underwent successful removal of the primary tumor, including three distal pancreatectomies and one pancreatoduodenectomy. Moreover, wedge resection of the liver was performed in 2 patients, lymph node dissection in 1 patient, and hepatic arterial chemoembolization was performed in 1 patient with hepatic islet cell metastases.
Morbidity
There were no operative deaths. Twenty-two complications occurred in 17 patients (32%) following resection ( table 2 ). The morbidity was 28% for Laparoscopic surgery and 36% for open surgery (nonsignificant difference). The most common complications were pancreatic fistulas, delayed gastric emptying, and infections. Other complications included intra-abdominal collection (n = 3), pleural effusion (n = 2), pancreatic pseudocyst (n = 1), bleeding (n = 1), and diabetes (n = 1). Two patients required reoperation during the early postoperative period: 1 for intra-abdominal bleeding and 1 for severe pancreatic fistula. Five low-output pancreatic fistulas spontaneously healed after 6 weeks. One patient who underwent pancreatectomy developed late diabetes. 
Follow-Up
Follow-up data were obtained from patient records supplemented with a mailed questionnaire. The patients were considered cured postoperatively, if symptoms disappeared and serum hormone levels were normal and remained so for at least 6 months. Seven patients had been lost to follow-up, and 1 patient died of diffuse liver metastases of the malignant insulinoma 3 years after primary operation. During the median follow-up period of 37 (range 6-61) months, 38 patients (86%) were free from symptoms. Surgical cure was achieved in 95% of the patients (39/41) with benign insulinomas.
Discussion
Surgery is the only curative option for neuroendocrine tumors, and surgical cure of benign insulinomas was achieved in more than 90% of the patients [13] . Recent guidelines for the management of neuroendocrine tumors suggest that all patients should be sent to an experienced endocrine surgeon [14] .
Generally, insulinomas of the pancreas are evenly distributed over the entire gland. Either enucleation or distal pancreatectomy is used for lesions located in body or tail of the pancreas; enucleation is indicated for small, benign lesions located at least 2-3 mm from the main pancreatic duct [7] . Intraoperative ultrasonography and intraductal ultrasonography can be used to measure the distance between tumor margin and main pancreatic duct [15] [16] [17] . In our study, open surgery was performed in 21 patients with tumors located in body or tail of the pancreas: 14 enucleations and 7 distal resections. Pancreatic leakage developed after enucleation in 1 patient because of injury of the main pancreatic duct, requiring a distal pancreatectomy with salvage splenectomy 2 months after the initial operation. It was reported [18, 19] 
With advances in laparoscopic techniques, an increasing number of successful laparoscopic resections for insulinomas is reported in the literature [10] [11] [12] [20] [21] [22] [23] [24] [25] [26] [27] . In 7 of our patients undergoing successful laparoscopic resection, the tumors were located in body or tail of the pancreas. The conversion rate was 30% (3/10), the main cause was inability to identify the tumor. There were no discrepancies with regard to operation time, blood loss, and complication rate between open enucleation and laparoscopic surgery. The mean hospital stay was 11.8 8 3.4 days after laparoscopic surgery, shorter than the 17.0 8 6.0 days after open surgery. In accordance with reviews of the literature, we believe that the laparoscopic approach is feasible and safe, although good skills were required as well as preoperative localization of the tumor and definition of its nature. Patients with benign tumors located in body or tail of the pancreas can better benefit from the laparoscopic approach which provides faster postoperative recovery and comparable morbidity rates in comparison with patients undergoing open surgery [11, 26, 27] . Laparoscopic ultrasonography is highly sensitive to locate insulinomas and probably to prevent conversion [28] .
Nonenucleable benign pancreatic lesions located in neck or adjacent body of the pancreas (pancreatic isthmus) are traditionally treated with pancreatoduodenectomy or distal pancreatectomy. Since the traditional pancreatic resection resulting in substantial loss of normal pancreatic parenchyma with an unnecessary risk of pancreatic endocrine/exocrine insufficiency and splenic loss, several authors have described central pancreatectomy as an alternative to the standard pancreatic resection [29- 32 ] . In our study, five central pancreatectomies were successfully performed ( fig. 3 ). The cephalic pancreatic stump is oversewn, and the distal stump is anastomosed end-toend with a Roux-en-Y jejunal loop by binding pancreatojejunostomy [33, 34] . At follow-up, no patients who underwent central pancreatectomy developed late diabetes. Open enucleation is the procedure of choice for tumors located in head or uncinate process of the pancreas, because the laparoscopic approach is technically difficult [21, 35] . Resection may be required, when the tumor is located deep in the pancreatic head parenchyma and/or abuts pancreatic duct or major vessels. Resection options include Whipple's procedure and duodenum-preserving pancreatic head resection. In our study, 16 lesions were localized in head or uncinate processes of the pancreas; 12 of them were enucleated and the other 4 removed by pancreatectomy. To determine completeness of the tumor excision, a perioperative insulin assay may be valuable [36] .
Malignant insulinomas invade locally into surrounding soft tissue or structures and also spread by lymph node or liver metastases. Patients with a malignant insulinoma should undergo formal pancreatic resection. An aggressive approach is recommended in the presence of metastatic disease; if appropriate, surgery should be combined with lymph node dissection and/or hepatic tumor reduction [7, 8, 37] . Of our 4 patients, 3 are alive, and 1 survived for more than 3 years. A proven effect on survival cannot be concluded from this study because of the small number of patients. Danforth et al. [38] demonstrated a median disease-free survival after curative resection of 5 years, with a recurrence rate of 63%. After initial surgical resection, the biology of the tumor, rather than any treatment modality, was most likely the major determinant of the long-term survival [8] .
Although the mortality rate of pancreatic surgery has been reduced in recent years, the postoperative morbidity still shows a high incidence; 32% of our patients developed postoperative morbidity, including 6 pancreatic fistulas. Pancreatic leakage is one of the most frequent complications after insulinoma resection. Therefore, several surgical techniques and several devices for the management of pancreatic ducts have been advocated to prevent pancreatic leakage. In our experience, it is important to determine the optimal resection procedure with respect to the proximity of the tumor to the main pancreatic duct. On the other hand, the pancreatic duct should be identified and directly ligated during pancreatectomy [39] . Recently, Kuroki et al. [40] reported a novel surgical technique, a gastric-wall-covering method, for the prevention of pancreatic leakage.
In conclusion, the surgical strategy for pancreatic insulinomas depends on size and location of the tumor and on the risk of malignancy. The optimal surgical procedure is key to prevent postoperative complications. Blind pancreatic resection in the absence of preoperative tumor localization is not recommended. Laparoscopic surgery is safe and feasible for patients with benign tumors located in body or tail of the pancreas. Radical resection, including initial and metastatic lesions, may benefit patients with malignant insulinomas. This report presents 52 patients with insulinoma collected during a 5-year period. In this large series, 48 patients had benign lesions, and 4 had malignant insulinomas. Different imaging modalities were used for tumor localization: computed tomography, ultrasonography, selective arteriography, magnetic resonance imaging, and endoscopic ultrasonography. Computed tomography (performed in 35 patients) and endoscopic ultrasonography (performed in 16 patients) showed a sensitivity of 77% and one of 88%, respectively. At the present time, based on the cost-benefit ratio, only computed tomography and endoscopic ultrasonography achieve the highest diagnostic sensitivity (100% when both procedures are combined) and should replace other methods. However, under particular circumstances, arterially stimulated venous sampling may be required for an accurate regionalization (not localization). Recently, magnetic resonance imaging has shown excellent results for tumor localization. In addition, magnetic resonance imaging provides information in delineating the anatomic relationship of the tumor to the pancreatic duct. The accuracy of these imaging modalities, computed tomography, endoscopic ultrasonography, and magnetic resonance imaging, is essential for planning the surgical strategies in the management of insulinomas.
In this report, open surgery was performed in 41 patients, and 10 patients were selected for laparoscopic surgery. The authors did not state the criteria for one or another surgical approach. Independently of the surgical approach used, in our opinion, the authors have chosen the best decision for their patients: to enucleate the tumor in 26 of 41 patients. In a recent report from the Mayo Clinic [C. Grant, personal commun.], of 149 patients, 88 (59%) underwent enucleation and 57 (38%) distal pancreatic resection, both procedures performed by open surgery.
We believe that benign insulinomas should be approached laparoscopically as the first choice: the tumors are usually ! 2 cm in diameter and can be localized anywhere in the pancreas with the help of laparoscopic ultrasound. Laparoscopic ultrasound also facilitates operative decision-making. The information helps the surgeon to choose between enucleation (in an attempt to preserve healthy pancreatic parenchyma) or resection and whether an anterior or posterior approach would help to avoid injury of the pancreatic duct or large blood vessels. The reported success for laparoscopic resection of insulinomas ranges from 60 to 100%.
The authors should be congratulated on the low morbidity achieved in the group of patients operated on by open (36%) or laparoscopic (28%) approach. A point of concern was the length of hospital stay, a mean of 18.5 days after open surgery and of 11.8 days after laparoscopic surgery. This prolonged hospitalization increases the hospital costs and obscures the advantages of an adequate performance of a surgical procedure or the benefits of a minimally invasive approach. Insulinomas are rare tumors, estimated to occur with a frequency of 4 per million people. Of these cases, only 10% occur as part of the multiple endocrine neoplasia type I syndrome, and about 10% are malignant [1, 2] .
Invited Commentary
The authors present a retrospective study, describing 52 patients with organic hyperinsulinism managed over a 6-year period in their centers. The number of patients treated with this rare disease during this short period of time is impressive.
Although a rare tumor, an overall cure rate of 1 95% has been achieved in endocrine surgical centers, and recently laparoscopic resection of insulinomas has been reported. Laparoscopic pancreatic resection and laparoscopic enucleation are feasible and safe techniques in experienced hands [3] . The authors performed laparoscopic resection in 10 'selected' patients. Unfortunately, the criteria for this selection are not mentioned in the article. We and others think that insulinomas are suitable for a laparoscopic approach, if they are solitary, benign, and at well-accessible sites. The tumor should be localized preoperatively, mainly by endoscopic ultrasound [4] . Furthermore, the tumor should not be lying deep in the pancreatic head or close to the main pancreatic duct. Laparoscopic ultrasound must be available. In the study presented, successful laparoscopic resection was performed in 7 of 10 selected patients, 6 had tumor enucleation, and 1 patient had spleen-preserving distal pancreatectomy. The conversions were due to unidentified tumors. There were no differences in operation time, blood loss, or complication rate between open enucleation and laparoscopic resection, but the mean hospital stay was 6 days shorter after laparoscopic surgery. This is in line with results of a small series of own patients, a meta-analysis, and two multicentric studies [5] [6] [7] [8] .
The advantages of laparoscopic pancreatic procedures should be those of all laparoscopic procedures which obviously reduce the parietal damage in the abdomen. Small insulinomas can be treated effectively by either laparoscopic enucleation or laparoscopic pancreatic resection, and surgical cure can be achieved in most patients. It is to be expected that this approach will receive increasing attention in the near future.
